The Leicester University Press deserves warm praise for having reprinted this important piece of Victorian literature with a fine introduction, better-thanaverage English binding and paper, and at a comparatively modest price. The only possible complaint is the omission of any index. A good analytical index is as important as a good introduction, and those who write introductions to facsimile editions should assume the responsibility of seeing that an adequate index is included. The attempts of amateurs to make new interpretations of knowledge is akin to the popularization of a specialized subject. In both cases the author writes for a wide audience, though also hoping to win the approval of scientists and scholars. The amateur synthesizer invariably chooses an area of knowledge having a strong social relevance in which the professionals in that field usually have not been willing or able to produce their own synthesis. This professional inertia can be understood in the context of Kuhn's analysis of scientific communities.3 Most practitioners of a science agree on the limits of their discipline and on what kinds of contributions are acceptable. This means that they might, because of an internal or external difficulty relating to their field, share a group blindness or timidity which might not inhibit renegades (e.g., Darwin) or outside observers (e.g., Chambers). Although the pertinent literature will most likely be available to an amateur if he wants to take the trouble to locate it, he is less likely to have access to the corrective reaction of professionals to his ideas.
Chambers wrote in a strict secrecy that was shared only with his wife, brother and two friends. Though an author and publisher by profession, he was not lacking in communication with scientists. His home was a social centre for Edinburgh intellectuals, and he also had access to the advice of Sir Charles Bell on anatomy and physiology, Dr Neil Arnott on physics, Edward Forbes on natural history and geology, and Dr Samuel Brown on chemistry. He was Having also studied Lyell's Principles of Geology and other geological treatises, he was able to write fairly capably the chapters of Vestiges on the geological sequence of the Earth's strata. His account of the fossils within these strata was fair, but when he moved from their mere description to a discussion of their hypothetical genealogical relationships, he was on shaky ground. The project he had undertaken required the mastery of much biology as well as geology, and he lacked the biological expertise needed to construct the genealogies in detail. Had his general idea been sympathetically received, his blunders might have been corrected by the anatomists. But the scientific community had already firmly rejected the idea of evolution, and it is expecting too much of human nature to imagine (as Lovejoy has4) that an amateur whose arguments had obvious flaws should have converted professionals to his theory.
But even worse than the weaknesses of Chambers's genealogies was his gullibility in accepting contemporary reports of spontaneous generation (pp. 165-89) and also William S. Macleay's quinary system of classification (pp. 236-74 ) . It is understandable that he believed the spontaneous generation reports but, since they were so important for his thesis, he should have realized that his evidence here was skimpy in comparison with his geological evidence. The experiments on spontaneous generation were simple and ostensibly repeatable, but he does not seem to have tried them himself. He must have realized that only a few naturalists had accepted the quinary system--but, of course, if he had used consensus as a guide, he would never have written his book. He did not, however, seem to realize that, whereas spontaneous generation was an integral part of his argument, the quinary system was not.
When he came to the cause of evolution, Chambers dissociated himself from Lamarck's idea 'that one being advanced in the course of generations to another, in consequence merely of its experience of wants calling for the exercise of its faculties' (p. 23o ). Chambers knew of evidence for changes in the composition of atmospheric gases and of climate in past epochs, and he felt that these were related to evolution, and that species evolved to fit into the new environment. The cause that he defended was that changes tended sometimes to occur in embryos which alter the developing organism, and that such alterations were hereditary. This hypothesis was respectable enough to warrant serious investigation, but Chambers did not undertake this investigation himself, and none of the naturalists reading his book was willing to take his idea seriously enough to test it.
Many of these naturalists were willing, however, to take Vestiges seriously enough to attempt to refute its arguments. Among those who wrote against it were Herschel, Lyell, Sedgwick, Buckland, Agassiz, Whewell, Huxley, Gray and Edward Forbes.5 Chambers had not intended to write further on evolution, but early in I845 he responded to some of his critics, again anonymously, in another book entitled Explanations: a Sequel to 'Vestiges of the Natural Hzstory of Creation'.
Darwin had written the first short sketch of his evolutionary ideas in the summer of x842 , and he completed a much longer essay on evolution by 5 July I844 , at which time he sent it out to be copied. Just as Chambers had begun studying evolution at about the same time as Darwin, so he also finished his Vestiges at about the time that Darwin finished his essay. Vestiges was published in October, but Darwin was not convinced that his own essay was yet substantial enough a defence of evolution to convince the scientific community. When he sent his essay to the copyist he also wrote a letter to his wife instructing her, in case of his death, to give £4oo for its publication 'to some competent person, with this sum to induce him to take trouble in its improvement and enlargement. I give to him all my books on Natural History, which are either scored or have references at the end of the pages, begging him carefully to look over and consider such passages as actually bearing, or possibly bearing, on this subject. 6
The publication of Chambers's Vestiges did not, therefore, prevent Darwin from an early publication of his own essay, but Chambers's book must have been a traumatic shock to Darwin, who read it in November and then read Chambers's Explanations on 6 February i846.7 But however apprehensive Darwin may have been before reading Vestiges, he soon found that Chambers had not seized upon his own all-important idea of natural selection as the vehicle of evolution. On 3 ° December I844 he wrote to his friend Joseph Hooker :
I have been dehghted with Vestiges for the multaphclty of parts he brings together though I do
[not] agree with hm conclusions at all. He must be a funny fellow: somehow the book looks more like a nine days wonder than a lasting work: it certainly is 'filling at the price' s And he added that the author's 'geology is bad and his zoology worse'. In February i845 he wrote to his cousin, William Darwin Fox: 'Have you read that strange, unphilosophical, but capitally-written book, the Vestiges: it had made more talk than any work of late, and has been by some attributed to me--at which I ought to be much fattered and unflattered. ' 9 Darwin compared his own theory of natural selection with the ideas of Chambers, though somewhat over-simplifying the latter's argument:
The author of the 'Vestiges of Creation' would, I presume, say that, after a certain unknown number of generations, some bird had given birth to a woodpecker, and some plant to the misseltoe [s~c] , and that these had been produced perfect as we see them; but this assumption seems to me to be no explanation, for it leaves the ease of the coadaptations of organic beings to each other and to their physical conditions of life, untouched and unexplained.t0
Since Darwin was still searching after 1844 for both arguments and evidence, one wonders what, if anything, he might have gained from Chambers's books. His first reading may have been in borrowed copies, because his own marked copy, preserved in his library now at Cambridge University Library, n is the sixth edition (I847). This situation seems similar to his earlier reading of Lyell; Sydney Smith has pointed out that, although it is known that Darwin owned and read the first edition of Lyell's Principles of Geology (3 vols ., 183o-3), he annotated and marked his copy of the fifth edition (i837) much more extensively.az Darwin's letter of December 1844 to Hooker indicated that he had little to gain from the Vestiges. Why, then, did he re-read and annotate the sixth edition several years later? The answer to this question is indicated in the following discussion.
The July I845 number of the Edinburgh Review opened with an eighty-five page review of Vestiges which, though anonymous, was generally known to have been written by the geology professor at Cambridge University, the Rev. Adam Sedgwick. Darwin had accompanied him on some field trips, though he never attended his lectures. Sedgwick was diligent and capable, but he was also a guardian of the status quo. As president of the Geological Society of London, he had attacked Lyell's Principles of Geology and its uniformitarianism. His weapon was the evidence for progressivism of fossils, but he simultaneously attacked the ideas of spontaneous generation and transmutation of species.IS Lyell wrote to his sister that Sedgwick's attack was the severest of all, and the one against which he must put forth all his energies when writing the second volume of his Principles. TM If Darwin could lightly dismiss the Vestiges, he could hardly do the same for Sedgwiek's review of it, for Sedgwick was attacking not just the Vestiges but also the general idea of evolution. It seems very likely that Darwin learned more from Lyell's attack on Lamarck than he learned from Lamarck, and that he learned more from Sedgwick's attack on Chambers than he learned from Chambers.
Sedgwick began his review by saying that Vestiges was enough to make women blush, and that 'The world cannot bear to be turned upside down; and we are ready to wage an internecine war with any violation of our modest principles and social manners' (p. 3)-But he soon turned to a substantive attack. He easily disposed of Chambers's speculations on spontaneous generation and the origin of life by using scientific arguments (pp. 6-1I, 68-7o), but he dispatched Chambers's discussion of psychic evolution mainly with insults and indignation (pp. 12-15). The major part of the review, both in number of pages and cogency of attack, was devoted to the fossil record (pp. 26-61) and to the recapitulation theory of embryology (pp. 73-84).
Expert paleontologist though he was, Sedgwick took his review so seriously that he consulted Lyell, Richard Owen and others on various points of his argument. He attacked in great detail Chambers's attempt to trace the history of life in the fossil beds. His main point was:
It is not true that only the lowest forms of animal life are found in the lowest fossil bands, and that the more complicated structures are gradually developed among the higher bands, in what we might call a natural ascending scale. We find, on the contrary, predaceous cephalopods, and the highly ordered crustaceans, among the very oldest fossils of the system (pp. 30--I). Not only did he deny that one could establish a series from simple to complex going from the older to the more recent strata, he also demolished Chambers's often weak attempts to establish transition forms from one group to another. Chambers had known all along that there would be weak points in his argument, and he had hoped that some scientists would pick up his thesis and improve on his defence of it. The fact that virtually all of them who reviewed Vestiges attacked rather than improved his thesis did not discourage him from making the improvements himself. The sixth edition (I847) was considerably expanded and many of the arguments had been altered to take account of criticisms from the reviewers. Darwin must have read it to see how well Chambers responded to the criticisms of Sedgwick and others.
Thus, Darwin must have taken the sixth edition more seriously than he had the first, which is not to say that he could not still find serious flaws in the argument. Francis Darwin noted: 'My father's copy gives signs of having been carefully read, a long list of marked passages being pinned in at the end. One useful lesson he seems to have learned from it. He writes: "The idea of a fish passing into a reptile, monstrous. I will not specify any genealogies--much too little known at present." ' 16 Darwin apparently felt that a detailed discussion of genealogy would have added to the plausibility of his theoretical discussion, if only it were possible to draw one up that could get past reviewers of Sedgwick's kind, but that the fossils which were available were not nearly numerous enough for the reconstruction. His few statements in The Origin of Species relating to genealogy were mostly hypothetical and fairly safe, but even then one of these--on the possibility of a semi-aquatic bear evolving into something like a whale--struck some of his readers as implausible. 17 Another of the comments which Darwin placed at the end of his copy of
Vestiges was: 'Never use the word[s] higher and lower'.t8 This idea was also clearly a reaction to Sedgwick's review as well as to Vestiges itself. However, although he could not give a definitive reply to Sedgwick's objection, he finally decided that he need not abandon altogether the idea of higher and lower forms, because he realized that competition provided at least a crude means of distinguishing between them:
There has been much discussion whether recent forms are more highly developed than ancient. I will not here enter on this subject, for naturalists have not as yet defined to each other's satisfaction what is meant by high and low forms. But in one particular sense the more recent forms must, on my theory, be higher than the more ancient; for each new specws is formed by having had some advantage in the struggle for life over other and preceding formsA 9
And he cautiously suggested that 'There is some reason to believe that organisms, considered high in the scale of nature, change more quickly than those that are low: though there are exceptions',20 and that 'some, perhaps many, fresh-water productions are low in the scale of nature, and that we have reason to believe that such low beings change or become modified less quickly than the high'.21 A similar problem was the degree to which the adult was advanced over the embryo. The great advantage of Darwin's theory of natural selection was that it did not absolutely require, though it tended to suggest, that the adult would be more advanced:
The embryo m the course of development generally rises in organization: I use this expression s though I am aware that it is hardly possible to define clearly what is meant by the organization being higher or lower. But no one probably will dispute that the butterfly is higher than the caterpillar. In some cases, however, the mature animal is generally considered as lower in the scale than the larva, as with certain parasitic crustaceans.z2
Darwin's essay of I844 contained most of the important arguments which in I859 were published in the longer Origin of Species. The Origin contained more examples and explanations and often the arguments were more securely structured. One of the most extensive expansions from the i844 to the i859 version was the discussion of the geological record. This had been the strongest part of Chambers's book, because of his own extensive studies both of the geological literature and of actual strata in the field. And yet, Sedgwick had raised formidable objections to Chambers's arguments. As Darwin commented in the Origin:
The abrupt manner in which whole groups of species suddenly appear m certain formations, has been urged by several palaeontologlsts, for instance, by Agassiz, Pictet, and by none more forcibly than by Professor Sedgwick, as a fatal objection to the belief in the tzansmutation of species.23 But Darwin's expertise in both geology and paleontology was as good as that of any of his contemporaries, and better than most. He could answer Sedgwick and company with a massive interlocking argument that was an extension of lines of reasoning Lyell had employed in his Principles of Geology. Darwin also had the great advantage of insights gained from Louis Agassiz's discoveries in the late 183os and in the 184os of the effects and extent of glaciation in Europe. But beyond all this, Darwin insisted more strongly than anyone ever had before, that 'we continually over-rate the perfection of the geological record'.24 In other words, it was unfair to demand that he produce a vast series of missing links, because not many had been preserved.
The above examples illustrate some of the ways in which Darwin reacted to the writings of his fellow scientists. The point I wish to stress is that, while tracing such reactions is intriguing, it is also very tricky because his apparently straightforward annotations in one book, e.g., Vestiges, can turn out to represent a more complex reaction, which in the above case included Sedgwick's ideas as well as Chambers's. Even this case could be pursued in greater detail, for Darwin made marginal annotations which I have not discussed. Three of these are as follows: p. 67: a mark beside Agassiz's ideas on the embryology of sharks; p. 9o: a mark beside discussion of fish-like embryos and primitive reptiles; p. 225: marginal note: 'Whole key to theory.' In closing, it seems only fair to Chambers also to recall the reaction to his I have rather a more favourable opinion of the 'Vestiges' than you appear to have. I do not consider it as a hasty generalization, but rather as an ingenious hypothes~s strongly supported by some striking facts and analogies but which remains to be proved by more facts & the addmonal light which future researches may throw upon the subject. It at all events furnishes a subject for every observer of nature to turn his attention to; every fact he observes must make e~ther for or against it, and ~t thus furnishes both an incitement to the collection of facts & an object to which to apply them when collected35 FRANK N. EGERTON
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